Abstract -Twelve probiotic Lactobacillus strains which were previously identified with classical biochemical tests were re-identified using molecular methods. Comparative sequence analyses of the 16S rRNA gene and 16S-23S rRNA gene intergenic spacer region (ISR) were applied. Results of the study showed that mis-identification at species level occurred at high rate when classical biochemical tests were used. Nine of the strains showed discrepancy in their identity. These nine strains which were previously identified through biochemical tests as
INTRODUCTION
The gastrointestinal tract of animal is inhabited by a complex intestinal microbiota. This microbial community has a significant impact on the health of the host animal; thus the use of intestinal microflora as probiotic had become an area of great interest. A probiotic is "a preparation consisting of live microorganisms or microbial stimulants which affects the indigenous microflora of the recipient animal, plant or food in a beneficial way" (Fuller, 1995) . Probiotics have increasingly been used as an alternative to antibiotic growth promoters in the poultry industry owing to the hazards posed by the indiscriminate use of antibiotics to human and animal health. The Lactobacillus species are the most predominant lactic acid bacteria associated with probiotics as feed supplements for animals. Although the benefits of incorporating probiotics in animals feed are well substantiated, studies have shown that the efficacy of probiotics in poultry practice has been inconsistent (Simmering and Blaut, 2001) . Furthermore, the interactions of the microbes and the host animals remain obscure due to the lack of identification methods to monitor and keep track of the microbes when the probiotics are fed to the chickens.
Conventional identification based on phenotypic characteristic are usually tedious, time consuming and may produce erroneous results. The absence of clearly distinguishable phenotypic traits for detection of supplemented probiotic strains has led to the development of molecular-based identification methods. Various approaches such as ribotyping (Stoyancheva et al., 2006) , sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) pattern of whole-cell protein (Sánchez et al., 2003; Ouadghiri et al., 2005) , random amplified polymorphic DNA (RAPD)-PCR (Tamang et al., 2005; Mättö et al., 2006) , repetitive element sequence-based (Rep)-PCR (Ouadghiri et al., 2005; Tamang et al., 2005) , sequencing of rRNA gene (Snell-Castro et al., 2005; Yin and Zheng, 2005) or 16S-23S rRNA gene intergenic spacer region (ISR) (Flint and Angert, 2005) , amplified ribosomal DNA restriction analysis (ARDRA) (Stoyancheva et al., 2006) and denaturing gel electrophoresis (DGGE) (Montesi et al., 2005) have been used to identify Lactobacillus species.
In recent years, the use of 16S rRNA gene has been regarded as the 'gold standard' for identification and phylogenetic analysis of bacteria (Ludwig and Schleifer, 1999) .
The conserved nature, manageable size (1.5 kb), high information content of rRNA gene and extensive database have resulted in the use of 16S rRNA gene as an ideal molecular chronometer in bacteria phylogeny. The 16S rRNA molecule comprises conserved region and nine variable regions (V1-V9) which provide genetic information to distinguish bacteria up to species and subspecies levels (Woese, 1987) . Although the 16S rRNA gene is a promising tool for bacterial identification, it cannot be used for closely related species because of insufficient sequence diversity (Stackebrandt and Goebel, 1994) . In contrast, the region between the 16S and 23S rRNA gene loci is under less evolutionary pressure and therefore exhibits greater genetic variation (Jensen et al., 1993) which allows for the discrimination of closely related strains (Gürtler and Stanisich, 1996) . In view of this, comparative sequence analyses of 16S rRNA gene and 16S-23S rRNA gene ISR were applied to re-identify 12 probiotic Lactobacillus strains which were previously characterised by morphological and biochemical methods using the API 50 CHL system (Jin et al., 1996) . Accurate identification of these strains is essential as this would allow the production of a highly efficacious and specific probiotic. This would also further lead to development of techniques for rapid and specific tracking of the strains in vivo.
MATERIALS AND METHODS
Lactobacillus strains. The 12 Lactobacillus strains, L. brevis C1, C10, C17, I23, I211, I218, L. fermentum C16, I24, I25, L. acidophilus I16, I26 and L. crispatus I12 used throughout this study were previously isolated from the gastrointestinal tract of broilers (Jin et al., 1996) . All the strains exhibit probiotic characteristics and are used as a probiotic for poultry (Jin et al., 1996 (Jin et al., , 1998 (Jin et al., , 2000 Kalavathy et al., 2003) . The Lactobacillus strains were cultured in de Man, Rogosa and Sharpe (MRS) broth and incubated at 39 o C for 24 h in anaerobic jars (Oxoid, UK) with gas generating kits (Oxoid). Stock cultures were stored in 15% glycerol at -80 o C.
Genomic DNA extraction. Total genomic DNA was extracted from 3 ml of overnight bacterial cultures using DNeasy ® Tissue Kit (Qiagen, Germany) according to the manufacturer's instruction.
PCR amplification of 16S rRNA gene and ISR. PCR reactions were performed to isolate 16S rRNA gene in a 50 µl reaction volume containing 50-100 ng of bacterial DNA, 50 pmol of each primer, 10 µmol of dNTPs (Finnzyme, Finland), 1 U of DyNAzyme TM II DNA polymerase (Finnzyme), 1X PCR buffer and de-ionized water. PCR amplification was started by an initial denaturation step at 95 °C for 5 min, followed by 30 cycles consisting of denaturing at 95 °C for 1 min, annealing at 55 °C for 1 min, extension at 72 °C for 2 min and ended with the final extension step at 72 °C for 7 min. PCR amplification of 16S-23S rRNA gene ISR was carried out as described by TilsalaTimisjärvi and Alatossava (1997) . The reactions were performed using the GeneAmp PCR system 2400 (Perkin Elmer, USA). The sequences of primers used to amplify 16S rRNA gene and 16S-23S rRNA gene ISR fragments are listed in Table 1 . The oligonucleotide primers were synthesized by Invitrogen (Invitrogen Ltd., UK).
Cloning and sequencing of the PCR amplicons. PCR amplicon with expected size was excised from agarose gel after electrophoresis and purified using QIAquick ® Gel Extraction Kit (Qiagen). The purified product was ligated into PCR 2.1 ® -TOPO vector using PCR 2.1 ® -TOPO TA Cloning Kit (Invitrogen Ltd.) and cloned into E. coli TOP10 following the manufacturer's instructions. Colonies containing 16S rRNA gene inserts were screened by LB agar plates supplemented with ampicilin (50 µg/ml) and 1.6 mg/ml of X-Gal (5-bromo-4-chloro-3-indoyl-b-D-galactoside). Plasmid containing the unique insert was isolated from E. coli TOP10 using the QIAprep ® Miniprep Kit (Qiagen). The plasmid was subjected to DNA sequence analysis using an ABI 3730XL automated sequencer (Applied Biosystems, USA).
Sequence analysis and phylogenetic inference. DNA sequence data sets were assembled with Bioedit software package (Hall, 1999) . To determine the sequence similarity value, the sequence was compared to those available in the GenBank (Benson et al., 2005) using Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1990) . Sequences that were > 97% similar to the previously published sequence was used as the criterion to indicate species identity. All the sequences were aligned using CLUSTAL W (Thompson et al., 1994) . Evolutionary distance matrices were calculated according to the method of Jukes and Cantor (1969) and a phylogenetic tree was constructed based on neighbour-joining algorithm (Saitou and Nei, 1987) using Molecular Evolutionary Genetic Analysis (MEGA) version 3.1 (Kumar et al., 2004) . Lactococcus lactis was used as an outgroup organism. Gaps or missing data were removed from phylogenetic analysis with complete deletion. The robustness of the tree topology was tested by performing bootstrapping for 1000 replicates (Felsenstein, 1985) . Potential anomalous sequences of 16S rRNA gene were examined by the Mallard programme (Ashelford et al., 2005) and the Bellerophon server (Huber et al., 2004) .
Nucleotides sequence accession number. Nucleotide sequences for 16S rRNA gene and ISR determined in this study were deposited in the GenBank database under the accession numbers EF412975 to EF412999 (Table 2) .
RESULTS

16S rRNA gene sequence-based identification of probiotic Lactobacillus strains PCR amplification of 16S rRNA gene from the 12
Lactobacillus strains yielded PCR products of approximately 1.5 kb. Sequencing result showed that the fragments ranged from 1488 to 1538 bases. Sequence similarity search revealed significant similarity (98-99%) with the 16S rRNA gene sequences of known Lactobacillus species (Table 2) . Lactobacillus strain I24 demonstrated 98% similarity to L. salivarius subsp. salivarius (based on information obtained from GenBank). However, polyphasic analysis by Li et al. (2006) Thus, the precise identities of the two strains remain undetermined. Anomalous sequences were not detected by Mallard programme (Ashelford et al., 2005) and Ballerophon server (Huber et al., 2004) which employed different algorithm from the 12 Lactobacillus strains.
Phylogenetic analysis based on 16S rRNA gene
In order to determine phylogenetic relationship of the 12 Lactobacillus strains, molecular phylogeny analysis was conducted and a phylogenetic tree was constructed using the sequences of 16S rRNA gene (Fig. 1) (Jin et al., 1996) identification (% identity) identification (% identity) 16S rRNA gene 16S-23S rRNA gene ISR
16S-23S rRNA gene ISR sequence-based identification of probiotic Lactobacillus strains
Primers complementary to the flanking regions of the 16S and 23S rRNA gene were used to amplify the ISR from the genomic DNA of the 12 Lactobacillus strains. Two major products, of approximately 550 and 750 bp (Fig. 2) , which corresponded to the small and large spacer regions, were generated from all the strains. Besides the major bands, 1-3 minor PCR products (between 1-1.5 kb) were visible from all the strains. The smaller amplicon (550 bp) which consists of the small spacer region was cloned and sequenced. The nucleotide sequences of the small spacer regions were in the range of 202 to 215 bp, after excluding the sequences of the 3' end of 16S rRNA gene and 5' end of 23S rRNA gene. All the sequences were closely related to sequences in the public database with a remarkable similarity value (97-100%) ( Table 2) . Lactobacillus strains I16 and I26 showed a similarity value of 97% to L. helveticus. As opposed to similarity search with 16S rRNA gene sequences in which the I16 and I26 strains were also found to have high similarity to L. gallinarum (99%), similarity to the ISR of L. gallinarum was not listed. A browse on the database showed that the information on the complete sequence of the ISR for L. gallinarum was unavailable from the GenBank. Only a few bases (9 bases) of the ISR were obtainable from the public database as it was co-sequenced with the 16S rRNA gene of the type strain of L. gallinarum (Chavagnat et al., 2002) . Therefore, the ISR of L. gallinarum ATCC 33199 T was sequenced and submitted to the GenBank with the accession number of EF412999. Strains I16 and I26 were found to exhibit striking similarities (100%) to the ISR of L. gallinarum ATCC 33199 T . In view of this, strains I16 and I26 were assigned to the species L. gallinarum.
Phylogenetic analysis based on 16S-23S rRNA gene ISR
The phylogenetic relatedness of the 12 Lactobacillus strains with other selected members of the genus Lactobacillus from the GenBank was examined based on 16S-23S rRNA gene ISR sequences (Fig. 3) 
DISCUSSION
The 12 probiotic Lactobacillus strains have been previously identified on the basis of its phenotypic characteristics, such as sugar fermentation patterns and cell morphology. These bacteria have high physiological similarity and this could inevitably lead to misidentification of the Lactobacillus strains. Thus, the identities of the 12 Lactobacillus strains were verified using molecular techniques. The strains were initially identified by the partial sequence of 16S rRNA gene using Lactobacillus group-specific PCR primers (Wong et al., 2005) . The primers amplify 16S rRNA gene from lactic acid bacteria and provides a base for further specific identification. Although the partial sequence of the 16S rRNA gene provides sufficient phylogenetically meaningful information, identification of the bacteria will be more accurate if the full sequence of the 16S rRNA gene is employed (Tannock et al., 1999) . Thus, based on the identification by partial 16S rRNA gene, primers were designed to amplify the whole 16S rRNA gene of the respective strains and the full sequence was used for the identification of the Lactobacillus strains. The identification result by 16S rRNA gene analysis was found to have poor concordance with the result obtained using the API kit from the previous study (Jin et al., 1996) . Discrepant results were found in 9 of the 12 Lactobacillus strains identified by phenotypic method ( Table 2) . As phenotypic characterisation was ambiguous, the use of biochemical test for the identification of bacteria will lead to misidentification. Song et al. (1999) demonstrated that only 30.2% of intestinal and vaginal Lactobacillus strains were correctly identified by the API 50 CHL kit at species level. In another report, only 4 out of 97 (4.12%) strains of commensal Lactobacillus showed similar identification results when the results of API 50CH strips were compared with molecular method (Boyd et al., 2005) . Several limitations have been observed with respect to the use of phenotypic test systems as identification tool for bacteria. As opposed to genotypic methods, phenotypic properties can be unstable and are dependent upon changes in cultural conditions (Rosselló-Mora and Amann, 2001) . A further problem with commercially available phenotypic test systems is that the corresponding database is limited; usually the database is not up to date or novel, or species not yet described are not included in the database (Bosshard et al., 2006) . Moreover, the identification results of the commercial kit may rely on individual and subjective interpretation (Bosshard et al., 2004) .
In contrast to phenotypic method, sequencing of 16S rRNA gene has been regarded as a powerful tool for the identification and phylogenetic analysis of bacteria (Amann et al., 1995) . As compare to the commercial phenotypic test, 16S rRNA gene analysis is useful for identification of all bacteria without much constraint by using the public database. Even though the information regarding bacterial diversity is still very limited, the public database covers the whole spectrum of known phylogenetic diversity (Curtis et al., 2002) . With 16S rRNA gene analysis, newly or not yet described species can be clustered into its related bacteria group (Bosshard et al., 2006) . The result of 16S rRNA gene sequencing is reliable and generally does not lead to false identification unless very closely related species such as L. plantarum, L. paraplantarum and L. pentosus are evaluated (Felis and Dellaglio, 2007) . Hensiek et al. (1992) ed that lactobacilli can be identified to species level with 97-99% accuracy by 16S rRNA gene sequence analysis. In the present study, all the Lactobacillus strains, except Lactobacillus strains I16 and I26, were successfully identified to species level using 16S rRNA gene sequence analysis. High consistency of the relationships between the 12 Lactobacillus strains and other selected members of the Lactobacillus genus was demonstrated by the 16S rRNA gene-based phylogenetic tree. Sequencing of the 16S rRNA gene has been regarded as the cornerstone of modern microbial taxonomy. However, the sequences are highly conserved and the phylogenetic power is low and always insufficient for the discrimination of closely related species (Clayton et al., 1995) . The identities of Lactobacillus strains I16 and I26 could not be resolved by sequencing of 16S rRNA gene as both strains exhibited comparable similarity value (98-99%) with two closely related species when the sequences were compared with those available in the public database. Thus, these strains were not assigned to a single taxon. To overcome the inadequacy of the 16S rRNA gene, sequencing of the region between the 16S rRNA gene-23S rRNA gene loci was employed to identify the Lactobacillus strains accurately, especially for strains I16 and I26. The ISR sequence is con- sidered as hypervariable since the ISR is a non-coding region and, therefore, it is less susceptible to evolutionary pressure (Berthier and Ehrlich, 1998; Tannock et al., 1999) . Gürtler and Stanisich (1996) showed that the ISR evolved 10 times greater than the 16S rRNA molecule. Most of the bacteria possess multiple rRNA (rrn) operons and their numbers range from 1 to 15. For example, L. acidophilus contains 4 copy numbers of rRNA operon (Roussel et al., 1993) and L. plantarum contains at least 5 rrn operons (Chevallier et al., 1994) . PCR amplification of ISR resulted in multiple PCR products (Fig. 2) as the spacer region found within these multiple operons were placed in different loci and hence show a significant degree of variation in length. The results of the taxonomic identification base on the ISR sequences were consistent with the result generated by 16S rRNA gene sequence analysis and most importantly, it further confirmed the identities of strains I16 and I26. The level of ISR sequence divergence is higher than the sequences of 16S rRNA gene and hence, allows the identification of strains I16 and I26 as L. gallinarum. Tannock et al. (1999) , using ISR sequence analysis, successfully discriminated L. crispatus strain GTP5 which was identified as L. crispatus or L. gallinarum by the 16S rRNA gene sequences. Nour (1998) also reported that comparative analysis of ISR sequences could be an useful alternative for distinguishing closely related species of Lactobacillus.
In the present study, the sequences of the small ISR were observed to be identical within the same species. Most of the species showed high level of similarity (100%) to the reference strains in the GenBank. Heterogeneity in the small ISR sequences were not detected among the Lactobacillus strains which belong to the same species. These results are in agreement with those reported by Tilsala-Timisjärvi and Alatossava (1997) and Berthier and Ehrlich (1998) . The constructed 16S-23S rRNA gene ISRbased phylogenetic tree concurs with the result of phylogenetic analysis preformed with comparative 16S rRNA gene sequence analysis. However, phylogenetic inference is difficult for distantly related bacteria because of high evolutionary rate and high level of variations of the ISR sequences. Thus, the sequence of 16S rRNA gene is more useful for phylogenetic analysis than the sequence of the region between the 16S and 23S rRNA gene loci.
The results of this study demonstrated that sequencing of 16S rRNA gene and 16S-23S rRNA gene ISR are more powerful and accurate techniques when compared to biochemical tests for identification and determination of phylogenetic relationships among bacteria. As evolutionary distance decreases, 16S rRNA gene sequencing is not always adequate to differentiate closely related organisms. In this case, ISR sequence analysis has been reported to provide greater discriminatory power. Comparative sequence analysis of ISR could exhibit a better identification result since the similarity values were comparable or even higher than those obtained from 16S rRNA gene sequence analysis. However, the usefulness of ISR sequences could be restricted by the limited information in the public database. Under this circumstance, 16S rRNA gene plays an important role to provide a base for further identification by ISR sequences (Leblond-Bourget et al., 1996) . The data obtained from the present study indicated that comparison of 16S rRNA genes is useful for the determination of phylogenetic relationship of bacteria while ISR sequence analysis allows the phylogenetic inference of closely related species. Similar observations have been reported by Leblond-Bourget et al. (1996) . In conclusion, DNA sequencing of 16S rRNA gene in complementary with ISR sequence analysis could provide useful strategies for inferring inter-and intrageneric relationships of bacteria.
